ABSTRACT
INTRODUCTION
In Northeastern Brazil the land use of sandy costal table with sugarcane (Saccharum sp.) cropping associated with high temperatures and long dry seasons have increased plant parasitism nematode, particularly Meloidogyne spp. and Pratylenchus zeae Graham, severity in fields (Moura et al., 2000) . Despite many control measures, almost all of them along with systemic nematicides, none has been efficient enough to keep nematode level under economic threshold level (Novaretti et al., 1989; Chaves, Pedrosa and Moura, 2002; Rosa, 2003; Chaves et al., 2004) . Therefore, search for more efficient, economic and ecological sound alternatives has been encouraged. The systemic acquired resistance (SAR) activates the defense mechanisms related to structural barriers, such as cell wall lignifications and antimicrobial compounds synthesis like PR-proteins, peptides and phytoalexins by action of biotic and abiotic elicitors (Oliveira, Dantas and Gurgel, 2004; Silva and Resende, 2001 ). The SAR is related with the microorganisms (Benato, 2002) , while the antimicrobial compounds synthesis deals with the natural and synthetic compounds, which modify the plant-pathogen interaction similarly to an incompatible response (Durrant and Dong, 2004) . Under this point of view, phosphites (H 2 PO 3 -) are mineral organic fertilizers (Cohen and Coffey, 1986 ) which activate defense mechanisms in plants (Jackson et al., 2000) , inducing immediate response to pathogen challenge (Guest and Bompeix, 1990) . They are highly soluble, promptly assimilated and easily metabolized in the plant (Rickard, 2000) . This salt of phosphorous acid has been efficient against a range of fungal pathogens such as Plasmopara viticola (Berk. Et Curtis ex de Bary) Berl. et de Toni (Wicks et al., 1990) , Venturia inaequalis (Cooke) Wint and Podosphaera leucotricha (Ell. and Ev.) Salmon (Geelen, 1999) , Phytophthora parasitica Dastur, Phytophthora citrophtrora (Smith and Smith) Leonian, Phytophthora nicotianae Breda de Hann, Phytophthora infestans (Mont.) de Bary, Phytophthora capsici Leonian, Phytophthora palmivora Butler, Phytophthora cinnamomi Ronds (Hardy, Barret and Shearer, 2001) and Peronospora sparsa Berkeley (Brandão, 2006) . Functional behavior of graminaceous roots have been described for regarding to gas transport in relation to physical barriers in the cortex outer layers (Visser et al., 2000; McDonald, Galwey and Colmer, 2002) . Apparently, the influence of the association of the fertilizer and fungi inoculation on mechanical strength and resistance in the root structure has not been addressed. Anatomical features such as extent of aerenchyma, stele dimensions, pattern of cortical cell arrangement, and a barrier to radial O 2 loss are important to the efficacy of internal aeration within a root (Armstrong, 1979; Armstrong and Beckett, 1987; McDonald, Galwey and Colmer, 2002) . Althougt adaptive value in the proportion of aerenchyma has been observed between different species (Vasellati et al., 2001) . The largest survey of the anatomical features of roots of sugarcane focused different aspects as the anatomy, morphology and physiology (Julien, et al. 1988) , the adaptation of adventitious roots to waterlogged soils (McDonald, Galwey and Colmer, 2002) , deprivation of oxygen in sugarcane under pathogen action (Yin and Hoy, 1998) , and the pathogen infecting stalks (Chona, 1950) . Interactions between the plants and parasitic nematodes have been studied, focusing preferentially physiology and molecular aspects (Hussey and Williamson, 1998) without any reference to the possible disturbances in the anatomical structure in the new roots produced by infected plants. The objective of this study was to investigate the effects of mineral organic complexes on the induction of resistance to Meloidogyne incognita (Kofoid and White) Chitwood, 1949 in sugarcane varieties through nematode reproduction, plant development and root anatomy analysis. The differences of the lignin deposition and both cortex and vascular cylinder proportions were emphasized.
MATERIALS AND METHODS
Two months old seedlings from meristem culture of sugarcane varieties (RB92579, RB863129 and RB867515) were grown under greenhouse (temperature range 30 to 35 0 C) and each seedling was planted in 5L-pot filled with soil, previously fumigated with methyl bromide. Twenty days after the planting, seedlings had the soil sprayed with the organic-mineral fertilizers Coda Humus-PK (20 L/ha), Coda Radimax (3 L/ha) and Coda Vit (5 L/ha), and the controls was pulverized with water. The pots was arranged in a completely randomized design in a 4x3 factorial scheme with four replications on greenhouse bench. M. incognita inoculum was obtained according to Hussey and Barker (1973) and soil was infested with 5000 eggs per plant at five days after fertilizer application. For evaluation, plants were left to grow for 90 days after inoculation. Data collected included plant height, shoots and stalk number, stalk diameter, dry weight of shoots, fresh weight of shoots and roots, and gall index (Taylor and Sasser, 1978) . Nematode reproduction was assessed through the number of eggs per root system, collected from whole root system with 1% NaOCl (Hussey and Barker, 1973) and counted under a stereomicroscope. For statistical analysis, nematode population data (x) were transformed to log 10 (x+1) values, and reported as antilogs. Analysis of variance was conducted for number of eggs in root systems, plant height, shoots and stalk number, stalk diameter, fresh weight of shoots and roots, and dry weight of shoots. Means of variables were compared by orthogonal contrasts. For the root anatomy analysis, all root sections were gently washed free of soil. Samples were fixed in formalin, acetic acid, ethanol and water (5:5:45:45). Cross-sections were hand cut 2-5 cm from root tips with a razor blade and stained with safranin and astra blue 1% one minute (Krauter, 1985) . Comparisons made for each root section (five per treatment) included stain color intensity in wall cell of metaxylem, fiber, endoderm and exoderm. The lignin deposition was evaluated by subjective visual rating for root red color intensity caused by a result of the interaction between substances and the nematode action over the wall cell formation. From each treatment, 10 hand sections of the root apex (primary structure) were randomly selected to be photographed. Digital images of the cross sectional area of the cortex, vascular cylinder, diameter of inner metaxylem vessels (cell wall not included; Carlquist, 1990) , and whole root were taken using an optical microscope (Olympus), connected to a digital camera (Sony) and analyzed with a digital image program, Image Tool (Wilcox et al., 2002) . All images were photographed 24 h after the hand cutting to minimize possible the differences in the coloring. In four replications from each treatment, thickness of the cortex, diameter of the vascular cylinder, and number of metaxylem vessels were selected to be analysed under an optical microscope (Olympus). Total number of late metaxylem vessels (LMX) per root and their diameters were determined with a microscope. Total number of vessels in five root sections was calculated by multiplying the mean number of LMX vessels per root transverse area. Vessel area was calculated as the sum of areas of all vessels based on the vessel radius, r. Relative capacities to deliver solutions was calculated as or 4 (Frensch and Steudle, 1989) . For anatomical observations, root sections were stained by safranin and astra blue and observed under an optical microscope (Olympus). In all the plants, root diameters were similar between control and flooded treatments. During measurement, the root system was not separated from the shoot. All sections were examined under a light microscope (Olympus) and digital images were taken with a digital camera coupled on the microscope. All slices were screened for the presence of a differential colorization of lignified wall from vascular tissue, endodermis and exodermis cells.
RESULTS AND DISCUSSION
All varieties were good host to M. incognita, allowing free nematode reproduction (table. 1) resulting in reproductive factors (RF=Pf/Pi) higher than 1. In contrast, all plants treated with Coda Radimax decreased nematode reproduction as well reproductive factors lower than 1. Compared to the untreated control, Coda Radimax significantly decreased final number of eggs per root system in all the varieties (table. 2). However, the plant response to Coda Humus-PK and Coda Vit depended on sugarcane variety. Coda Humus-PK and Coda Vit were efficient in reducing eggs density in RB867515 but not in RB863129 (table. 2). Adult females with egg mass were found in the galls; however, in plants with Coda Radimax low number of juveniles were able to complete the life cycle, possibly the second stage juveniles penetrated the roots, injected secretions inducing gall formation but few were able to efficiently produce feeding sites (Pedrosa et al., 1996; Maciel and Ferraz, 1996) . All tested compounds did not affect stalk diameter, and dry weight and number of shoots (table. 3). Coda Radimax significantly increased stalk number in RB92579 and fresh weight of shoots in RB863129 and RB92579. Coda Humus-PK significantly increased plant height in RB92579 and fresh weight of shoots in RB92579 and RB867515 while Coda Vit significantly affected the fresh weigh of both shoots and roots of RB863129. Based on viewing cross-sections of the roots for each sugarcane variety under a microscope (Fig.  1) , no significant anatomical changes wise related to the tissues arrangement. However, evident visual red color intensity indicated differences in lignin deposition. Variations in the lignification degree in the stele (fibers) and cortex (exoderm cells) were observed in all sugarcane varieties (Figs. 1-24) . It was observed that the reduction was gradual, especially in the fibers near the medullar parenchyma in RB92579 (Figs. 1-4) , without effects in the exoderm cells (Figs. 5-8 ). In RB863129, this effect was more evident in the stele (fibers) with Coda Vit (Figs. 9-12) ; a similar effect that was not observed in the cortex (exoderm) which showed lower lignification with Coda Radimax (Fig. 15) . showed an opposite effect to the RB863129 (Figs. 9-16), without apparent variations in the exoderm (Figs. 13-16 ). All these differences were evaluated when comparing corresponding tissues in healthy plants.
These results suggested that the roots of sugarcane submitted to different inductors indicated a resistance mechanism related to the lignification degree in stele (fibers) and cortex (exoderm cells)
to the parasite-feeding site. It could be linked to a mechanism of resistance to the entrance of the parasite, considering the exoderm, and to maintain the water conduction into the xylem in the stele, specifically into the vascular bundle. In the grass, porosity corresponded to an extensive system of lysigenous aerenchyma tissue arranged radially in the root cortex, separated by rows of parenchymatic cells and surrounded by a ring of schlerenchymatic cells in the exodermis. In the dicots, constitutive porosity was related mainly to intercellular air spaces because of the cubic configuration of the cells in the medium and outer cortex, with few lysigenous lacunae. The arrangement of cells in the inner cortex was the "Panicoid" root type, described by Goller (1977) as those with cubical packing of the cells, forming quadrangular intercellular spaces. This feature has been interpreted by Justin and Armstrong (1987) as a tissue strategy to increase the predisposition to form aerenchyma. This is considered a strategy to enhance the oxygenation to these cells when submitted to an oxygen deficit; greater intercellular gaps permit the oxygen accumulation and facility to the gases exchange.
The cross-section of graminaceous roots resembles a bicycle wheel: air spaces are disposed radially, completely surrounded by a ring of schlerenchymatic tissue. Accordingly, the schlerenchymatic tissue appears to bring mechanical protection to the roots, as in other plant tissues (Reich et al. 1991; Niklas 1992; Niklas 1999) . The strength of these cells compensates the fragility of a profusion of large spaces between the parenchyma lacunaes into the cortex and avoids damages to the integrity of the root hindering breaks in it. It is more evident in plants submitted to long periods of flooding. In addition, the particular radial alignment of the cells in the root cortex, parallel to the direction of the mechanical forces, might also contribute to enabling the formation of a physically stable structure. This idea was not suggested previously for internal architecture of herbaceous roots, but followed the same reasoning as proposed by Niklas (1999) for thick-walled cells within the leaf base of Chamaedorea, which possessed a remarkable rigidity owing to its special radial configuration. Information on the pathological anatomy of root tissues from plants treated with resistance inductors is limited. Certainly, little work has been published on the pathological anatomy of the susceptibility of root tissue of sugarcane. Apparently, the functionality of the root tissue was not affected by any treatment with the fertilizers. Consequently, internal root architecture is basically the same among control and treated plants (Fig. 1) , allowing maintenance of root strength. 
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